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(57) [Abstract] 

[Problem] Beneficial low dielectric constant insulating filmis o 
ffered to actualization of semiconductor device of high speed 

[Means of Solution] Meirbrane of trifluoromethyl carbo silane 
is formed on substrate from silane compound of theprecursor 
with chemical vapor deposition method , this menbrane 
thermal processing is done next in oxygen atmosphereand 
insulating filmis formed 



[mtM*<DflSB] 



( C F 3 ) m S 1 R (4-m) 

( C <D5£<7> R (*7XSXI*a*fS : f a 1 ^ 6 attft*** 



[Oaim(s)] 

[Claim 1] Menbrane of trifluoromethyl carbo silane is formed 
on substrate from silane compound of theprecursor with 
chemical vapor deposition method, this meirbrane thermal 
processing is done next in oxygen atmosphereand insulating 
film formation method which designates that insulating filmis 
formed as feature. 

[Claim2] Aforementioned silane conpound formula below 
[Chemical Fonrula 1] 



It is a oig3i»silane compound which is displayed with (R of this 
system is hydrogen or ranrber of carbon atoms 1 to 6 
hydrocarbon group, but at least oneamong R is hydrocarbon 
groip, mis integer of 1 or 2. ), method which isstated in 
Qaiml. 

[Claim 3] Aforementioned trifluoromethyl carbo silane fornul 
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a below 

[Chemical Fonnila 2] 
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Method ^chisdi^layedwith(Rofthissyst^isl^drpgpn o 
r number of carbon atoms 1 to 6 hydrocaitrcngroup, nis 
thepositive integer. ), states in Claim 1. 

[Qaim4] Aforementioned chemical vapor deposition method 
is plasma chemical vapor deposition method, method which is 
stated inthe any one to Qaimlto3. 

[Claim 5] Method which designates temperature of aforementi 
oned substrate asthe 100 °C or below when forming 
aforementioned trifluoromethyl carbo silane film, states in any 
one to Claiml to4. 

[Claim 6] Method which does aforementioned thermal process 
ing with temperature of the300 °C or higher, states in any one 
to Claiml to 5. 

[Claim 7] On substrate thermal processing doing membrane of 
trifluoromethyl carbo silane which was formedfrom silane 
compound of precursor with chemical vapor deposition method 
in oxygen atmosphere, insulating film which designates that it 
consists of film which it acquires asfeature. 

[Claim 8] Aforementioned silane compound formula below 

[Chemical Formula 3] 



f R<D0*><D'PU< if,-- 3{4Blft*»at-e* 
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It is a organosilane compound which is displayed with (R of this 
system is hydrogen or number of carbon atoms 1 to 6 
hydrocarbon group, but at least oneamong R is hydrocarbon 
group, mis integer of 1 or 2. ), insulating film which isstated in 
Claim! 
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[Qaim9] Aforementioned trifluoromethyd carbo silane formul 
a below 
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[Chemical Formula 4] 
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Insulating film which is displayed with (Rof this system is hydr 
ogen or nunrber of carbon atoms 1 to 6 hydrocarbon group, n is 
thepositive integer. ), states in Claim 7. 

[Claim 10] Laminating with metallization layer and insulating 1 
ayer, being a semiconductor device which includesthe mdtilayer 
metallization structure which it formed, insulating layer thermal 
processing doing filmof thetrifluoromethyi carbo silane which 
it formed from silane compound of precursor with chemical 
vapor deposition method inthe oxygen atmosphere, 
semiconductor device which designates that it consists of 
filmwhich it acquires as feature. 

[Claim 11] Aforementioned silane compound forrmla below 
[Chemical Forrmla 5] 
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It is a organosilane compound which is displayed with (R of this 
system is hydrogen or nurrber of carbon atoms 1 to6 
hydrocarbon group, but at least oneamong R is hydrocarbon 
group, mis integer of 1 or 2. ), semiconductor device which 
isstatedin Claim 10. 

[Claim 12] Aforementioned trifluoromethyl carbo silane form 
ula below 

[Chemical Formula 6] 



Semiconductor device which is displayed with (R of this system 
is hydrogen or nurrber of carbon atoms 1 to 6 hydrocarbon 
group, n is thepositive integer. ), states in Claim 10. 



[000 1] 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention regards insul 
ating film material of low dielectric constant. Speaking in 
detail, this invention low dielectric constant insulating film and 
formation method which are usedin mitilayer metallization of 
semiconductor integrated circuit, regards semiconductor device 
which uses andits low dielectric constant insulating film 
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[0002] 

[Prior Art] Material which from depends on chemical vapor de 
position (CVD) method until recentlyas insulating material 
vsiiich is used for insulating layer of semiconductor device, is 
madewasused Most with Si02 material of low dielectric 
constant, dielectric constant was approximately 4.0with CVD 
system material. Furthermore as CVD film of low dielectric 
constant from this, recently SiO F-based material iswidely 
examined, dielectric constant is 3.0 to 3.5. On one hand, 
organic type polymeric material is known as material of low 
dielectric constant relativelyfromsuch inorganic material. 

[0003] 

[Problems to be Solved by the Invention] Recently, high speed 
device which uses low dielectric constant insulating film is 
examined In order to actualize acceleration of device, it is 
necessary todecrease wire delay with decrease of metallization 
resistance and permittivity reduction etc ofthe interlayer 
insulating film of multilayer metallization structure. 

[0004] When it tries to actualize high speed device with perrritt 
ivity reduction of interlayer insulating film, theabove- 
mentioned way dielectric constant is approximately 4,0 with 
SiCtewhere dielectric constant is lowest with CVD system 
material, from that is 3.0 to 3.5 withthe SiOF of CVD material 
of low dielectric constant, but dielectric constant rises gradually 
inthis material , there is a problem that with absorbed moisture . 
Vis-a-vis that, organic type polymeric material which is assumed 
that dielectric constant is lowrelatively, is a problem that 
resistance for 02 plasma treatment which with theproduction 
step of semiconductor device is utilized in resist release etc is 
low. 

[0005] As for object of this invention, low dielectric constant 
with realizable, there are nottimes which do not cause oxidation 
and disassembly with thermal processing stepwhich is used for 
and semiconductor manufacture step, they receive oxidation 
withthe enzyme plasma treatment , furthermore it is to offer 
insulating film arid formation method which donot cause rise of 
dielectric constant with absorbed moisture. Also fact that 
semiconductor device which includes insulating film of low 
dielectric constantwhich was formed with this method is offered, 
is object of the this inventioa 

[0006] 

[Means to Solve the Problems] Insulating film formation metho 
d of this invention forms membrane of trifluororrethyl carbo 
silaneon substrate fromthe silane compound of precursor with 
chemical vapor deposition method , thermal processing does 
this membrane nextin oxygen atmosphere and designates that 
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insulating film is formed as feature. 

[0007] Insulating filmof this invention, on substrate thermal p 
rocessing doing meirbrane of thetrifluoromethyl carbo silane 
which was formed fiomsilane compound of precursor with 
chenical vapor deposition method inthe oxygen atmosphere, 
designates that it consists of film which it acqiriresas feature. 

[0008] Semiconductor device of this invention, laminating with 
metallization layer and insulating layer, beinga semiconductor 
device which includes rrultilayer metallization structure which it 
formed, insulating layer thermal processingdoing filmof 
trifluoromethyl carbo silane which it formed fiomsilane 
compound of theprecursor with chemical vapor deposition 
method in oxygen atmosphere, designates that it consists of 
thefilm which it acquires as feature. 

[0009] 

[Errixxliment of Invention] Regarding to this invention, it form 
s insulating film on substrate, but thissubstrate before forming 
metallization layer of semiconductor device, is good even with 
thething, or is possible to be something where metallization 
layer of at least one isformed 

[0010] As for silane compound of precursor in this invention, i 
n chemical vapor deposition (CVD) method thedepending 
fornula below 

[0011] 

[Chemical Fornula 7] 



[0012] It is something which can form trifluoromethyl carbo sil 
are which is displayed with the(R of or 
nunber of carbon atoms 1 to 6 hydrocarbon group, n is 
thepositive integer. ). If you say silane conpound, generally, 
formJa below 

[0013] 

[Chemical Formula 8] 



[0014] It is a orgpnosilane compound which is displayed with (R 
of this systemis hydrogen or nmrber of carbon atoms 1 to6 
hydrocarbon group, but at least oneamongR is hydrocarbon 

P.6 
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[0017] Mft&mftvom&mt. 3oo°c&±<o 
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group, mis integer of 1 or 2. ). hydrocarbon group of R is 
preferably alkyi group, is more preferably methyl group. 

[001 5] CVD method in order to formtrifluoromethyl carbo sila 
ne film from silane compound of precursor isthe preferably 
plasma CVD method There is not especially restriction in 
deposition condition to substrate of the trifluoromethyl carbo 
silane. In order decrease of deposition rate to substrate which is 
due to there-evaporation of carbo silane which it accurrulates 
and also is thoughtthe prevention to do, it is profitable to 
designate substrate temperature as 100 °C or below. 

[0016] Trifluoromethyl carbo silane film which it formed next i 
s changed in oxygen atmosphere into final insulating filmby 
heat treatment, oxygen atmosphere which does heat 
treatment, it is important, not to include the moisture, heat 
treatment doing with oxygen atmosphere which includes 
moisture, as forthe insulating film which it acquires 
characteristic is inferior. As oxygen atmosphere, completely 
atrrosphere which oxygen replacement is done of course,drying, 
can utilize also air etc which removes moisture. 

[0017] To do with temperature of 300 °C or higier it is possibl 
e heat treatment withtheoxygenatmo^)here. When heat 
treatment tenperature is not full in 400 °C, because thickness 
oftheinsulating film which was formed after that with step are 
times when itdecreases with heating, heat treatment it is 
desirable with 400 °C or higher todo. heat treatment, if 3 0 
rrin extent it does generally, is fully. 

[0018] Chenical structure of substance which forms insulating fi 
lm which is acquired withthe heat treatment does not 
understand clearly. By X-ray photoelectric spectroscopy 
(XPS) and Fourier transform infrared spectroscopy (FT-IR), 
from fact that existence of C-F bond and Si-Obond is verified, 
for example fornula below 

[0019] 

[Chenical Formula 9] 



[0 0 2 0] 0*5 Sft* (3t*<Dpl*IE 
[002 1] ZO&oftS i (O) CF 3 fi^$tt^» 

^xmatesna* 2. 5-2. 6asa«i*RB** 



[0020] You can think structure a way, (As for p in Fornula pos 
itive integer). 

[0021] Insulating film of this invention which possesses this kin 
d of Si(0) CF3 connectionshows dielectric constant where 2.5 
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to 2.6 extent is low. This insulating film in order to possess 
perfluoro group (CF3), is material which it canwithstand oxygen 
that can be used plasma treatment with semiconductor 
manufacture step, low dielectric constant is kept through the 
production step. In addition, this low dielectric constant 
insulating film does not receive thermal decomposition or 
oxidation in theseniconductor manufacture step. Furthermore, 
moisture absorption is low, to cause change over time of 
dielectric constant indarmging, can maintain low dielectric 
constant of initial stage difficult. Therefore, low dielectric 
constant meirbrane of this invention semiconductor device 
which it includes as theinsulating film can actualize high speed 
device where wire delay is little. 
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13. 56MHz/300W 
1. OTorr (133Pa) 

StS;flg 100t 

IfiRflfigSi 2 505^ (6. 3 5 mm) 

*>5>#X (CH 3 ) 3 S i CF 3 

iSXrHtM. 5 0 s c c m 

[0 0 2 5] mmfo1tQh*)* s ?frb*)71U*Q**)\, 

V7>KOXPSf-n FT - I Rx-£ 
111 <ta2(Z^fo 

[0 0 2 6] B*ttftLfc**>/<-fl-C*;Utf 



[0027] csiKfl2] h«j7;u^p>^;u±jutCv 



[0022] 

[Working Example(s)] Next, this invention furthermore is expl 
ained with Working Example , but until yousay, this invention 
is not something which is limited in these Working 
Exarrplewithout. 

[0023] [Working Example 1] Making use of parallel flat plate t 
ype plasma CVD equipment, with below-mentioned condition 
thin filmofepproximately 0.5 m thick was formed on silicon 
flat plate. 

[0024] 

Applied power 13.56 MHz/300W 

Pressure 1.0Torr(133Pa) 

Substrate temperature 100 °C 

Electrode spacing 250 mill (6.35 mm) 

Silaneg3S (CH3)3SiCF3 
Gas flow 50 seem 

[0025] Pneumatic transport it did trimethyl trifluoromethyd sila 
ne of precursor with helium, controlled the flow with mass flow 
controller. XPS data and FT - IR data of trifluororrethyl carbo 
silane film which is acquired areshown in respective Figure 1 and 
Figure 2. 

[0026] Next, inside chanter which oxygen replacement is don 
e thermal processing of carbo silane,was done with condition of 
400 °C and3 0nia In this way, XPS data and FT -IR data of 
insulating film which is acqiiredare shown in respective Figure 3 
and Figure 4. 

[0027] [Working Example 2] Insulating film was formed in sam 
e way as Working Exarrple 1 excluding factthat silicon 
substrate which phosphorus dope is done is used as 
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R**0)IKBttBtf>&*l-<\ CVDWfSLfcS i N i 



[0030] CSBB4] WMfiS?5X*CVD8 



substratewhich accurrulates trifluoromethyl carbo silane 
membrane. Consequently, vapor deposition doing Au on 
insdatii^filn\itfomiedthei^ It could verify 

resit of calculating dielectric constant of insulating film 
frorrthe capacity rreasuremeni due to prober which uses this 
sample, that it is a =2.52(frequency 1 MHz). 

[0028] [Working Exarrple 3] Metallization thick 0.8 m, on 
silicon substrate which administers alurrinum metallization of 
the ninirriimrnetallization width 0.5 m, insulating film was 
formed in same way as Working Exarrple 1 . Vis-a-vis this 
insulating filrr\ thermal processing of 500 °C 1 0 rrin 
wasadninistered, continuously when oxygen plasma treatment 
was done, decrease of the film thickness or occurrence of crack 
were not seea 

[0029] 2 weeks it left insulating film which it formed in atmosp 
here, as for theresult at that time of measuring dielectric 
constant of insulating film, as shown inthe Figure 5, it could 
not see change of dielectric constant completely. Even with 
measurement of adsorbed water with temperature rise liberation 
gas analysis, liberation of theadsorbed water was not recognized 
with heating to 400 °Q it was verifiedthat it is a adsorbed water 
which is equal to SiN i film which was formed withthe CVD. 

[0030] [Working Exarrple 4] Making use of parallel flat plate t 
ype plasma CVD equipment, on silicon substrate which 
phosphorus doped isdone thin film of approximately 0.5 m 
thick was formed with thebelow-mentioned condition 



[003 1] 

EDflDlA 13. 56MHz/300W 

E*J 1. OTorr (133Pa) 

Sffi;flS 5 0°c 

BBHEB 2 5 0SJM6. 3 5 mm) 

v5>#X (CH 3 ) 3 S i CF 3 

3 O a c cm 

[003 2] WBtlJKOhUy^^h'J^iUd-Dy^^ 

[0 0 3 3] B*«»Lfc**>/<-l*n**M* 
•>5>(D»«ia** 3 0 0°C, 3 0»(D*ttT?fiot, 

[0034] «ivc. Z6>lMMUt)±fCAii£B»LT: 

±»BB«»*Lfc. ca>K»*BL^fc^p-/<i=*4 



[0031] 

Applied power 13.56 MHz /300W 

Pressure 1.0Torr(133Pa) 

Substrate terrperature 50 °C 

Electrode spacing 250 rrill (6.35 mm) 

Silane gas (Ofi)3SiCF3 
Gas flow 30 seem 

[0032] Pneumatic transport it did trimethyi trifluoromethyl sila 
ne of precursor with helium, controlled the flow with mass flow 
controller. 

[0033] Next, inside chanter which oxygen replacement is don 
e doing thermal processing of thecarbo silane, with condition of 
300 °C and 30 rrin, it formed insulating film 

[0034] Consequently, vapor deposition doing Au on this insulati 
ngfilrn it forrrfidtheupper electrode. It could verify result of 



ISTA's Paterra(tm), Version 1.5 (There may be errors in the above translation ISTA cannot 

be held liable for any detriment from its use. WWW: r^://www.intlscience.com Tel:80O430-5727) 



P.9 



JP 991 1 1712A Machine Translation 



MH£*&«BB0RB»e*BUafc«6JIL e = 2 

. 55 (jg»aiMHz) v&izktfi&mvgtzo 



[0035] CSSffi«l5] iEfilSO. 8jim, ft/|*EB 

±i=. s«*ufcfiic«BB*»rtLfc. zo&mmz 



[0 0 3 6] HI-, *ft*K2aMtt«L, *«IBKB 

*BB*<DB£"Ct, 4OO°CS"e0jDjS6T*®»*OBft 



[0037] CttSffO ¥fr¥*B*9X-*CVDBB 



[0 0 3 8] 

MB* 13. 5 6MHZ/3 0 0W 

EH 1. OTor r (1 3 3Pa) 

&£?a£ 3 5 or 

Bffffl&lB 2 5 05;V (6. 3 5mm) 
SiH4 (100 seem) 
CF 4 (5 0 seem) 
Oi (100 seem) 



calculating dielectric constant of insulating filmfronthe 
capacity measurement due to prober which uses this sample, 
that it is a =2.55(frequency 1 MHz). 

[0035] [Woikmg Example 5] Metallization thick 0.8 m , on 
silicon substrate which administers aluminummetallization of 
the nininiimrrietallization width 0.5 m, same insulating film 
as Working Example 4 was formed Vis-a-vis this insulating 
film, thermal processing of 500 °C was done, 
continuouslywhen oxygen plasma treatment was done, decrease 
of film thickness or occurrence of thecrack were not seea 

[0036] Furthermore, 2 weeks it left in atmosphere, as for result 
at thattime of measuring dielectric constant of insulating film, 
as shown in Figure 5, itcould not see change of dielectric 
constant completely. Even with measurement of adsorbed 
water with temperature rise liberation gas analysis, liberation of 
theadsorbed water was not recognized with heating to 400 °C. 

[0037] [Comparative Example] Making use of parallel flat plate 
type plasma CVD equipment, on silicon substrate which 
phosphorus doped isdone SiOF thin film of approximately 0.5 
m thick was formed with condition below. 

[0038] 
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[0039] Vapor deposition doing Au on thin film which it acquires 
result ofcalculating dielectric constant of insulating film 
from capacity measurement due to proberconcerning sample 
which formed upper electrode, was =3.33(frequency 1 MHz). 



[0040] X\Z* IBttJVO. 8*im, £/MEtgMO. 
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[0040] Next, metallization thick 0.8 m, same insulating fil 
m as description above wasformed on substrate which 
administers aluminum metallization of ninimum metallization 
width 0.5 i^ttethenralpn)cessingo 
continuously when oxygpn plasma treatment was done, 
decreaseof film thickness and occurrence of crack were not 
recognized But, 2 weeks it left in atmosphere, as for result at 
that time ofmeasuring dielectric constant, as shown in Figure 5, 
as for dielectric constant it rosefrom3.33 of value of initial 
stage to 4.20. In addition, with temperature rise liberation gas 
analysis, amount of adsorbed water approximately one 
magnitude increasingwas verified in comparison with Working 
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Exanple3 and 5. 
[0041] 

[Effects of the Invention] As been clear from above, according 
to this invention utilization of theinsulating film which 
possesses low dielectric constant becomes possible. Therefore, 
as high speed device is actualized, semiconductor integrated 
circuit where reliability ishigh and If circuit board can be 
offered 
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[Brief Explanation of the Drawings)] 

[Figure 1] It is a graph which shows XPS data of trifluoramsthyl 
carbo silane film of Working Example 1. 

[Figure 2] It is a graph which shows FT - IR data oftrifluoromet 
hyi carbo silane filmof Working Example 1 . 

[Figure 3] It is a graph which shows XPS data of insulating film 
of Working Example 1. 

[Figure 4] It is a graph which shows FT - IR data of insulating fil 
m of Working Example 1. 

[Figure 5] It is a graph which shows change over time of dielectr 
ic constant of insulating film 
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[Figure 2] 
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[Figure 3] 




[Figure 4] 
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